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(57) ABSTRACT

An electric valve is provided in a supply pipe. A flow rate
control unit controls the degree of opening of the electric
valve such that the flow rate in the supply pipe lies within a
predetermined range, on the basis of a pressure difference
between pressure of refrigerant supplied to the supply pipe
and the pressure of refrigerant on the suction side of a com-
pressor. An outdoor air temperature sensor detects outdoor air
temperature; and a low-pressure side pressure sensor detects
refrigerant pressure on the suction side of the compressor.
The pressure difference is a difference between a saturation
pressure corresponding to the outdoor air temperature
detected by the outdoor air temperature sensor and refrigerant
pressure detected by the low-pressure side pressure sensor.
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1
REFRIGERANT CHARGING DEVICE,
REFRIGERATION DEVICE AND
REFRIGERANT CHARGING METHOD

TECHNICAL FIELD

The present invention relates to a refrigerant charging
device, a refrigeration device and a refrigerant charging
method.

BACKGROUND ART

In conventional devices for charging refrigerant into a
refrigerant circuit, a supply pipe is provided in refrigerant
piping, on the suction side of a compression mechanism in a
refrigerant circuit, such that refrigerant can be charged into
the refrigerant circuit by connecting a cylinder to the supply
pipe, as disclosed in Patent Document 1. In such a charging
device, the refrigerant flows through the supply pipe into the
refrigerant circuit, to be charged into the latter, in accordance
with the pressure difference between the refrigerant pressure
in the cylinder and the pressure in the suction side of the
compression mechanism.

Patent Document 1: JP 2001-74342 A

However, such charging devices have the following draw-
back. The refrigerant is supplied on account of the pressure
difference between the refrigerant pressure in the cylinder
and the pressure on the suction side of the compression
mechanism, and thus the charging speed of the refrigerant
varies depending on this pressure difference. As a result, the
charging speed of the refrigerant decreases when the pressure
in the cylinder drops on account of, for instance, a lower
outdoor air temperature. This results in a longer charging
time, which is problematic.

SUMMARY OF THE INVENTION

Thus, it is an object of the present invention to allow sup-
pressing variations in the charging time of a refrigerant into a
refrigerant circuit.

The present invention is a refrigerant charging device
which has a supply pipe connectable to refrigerant piping on
a suction side of a compression mechanism in a refrigerant
circuit, and which supplies refrigerant to the refrigerant cir-
cuit via the supply pipe, the refrigerant charging device
including adjustment portion for adjusting a flow rate in the
supply pipe to be within a predetermined range, based on a
pressure difference between a pressure of refrigerant supplied
to the supply pipe and a refrigerant pressure on the suction
side of the compression mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagram illustrating the schematic configuration
of a refrigeration device according to an embodiment of the
present invention;

FIG. 2 is a characteristic diagram illustrating the relation-
ship between pressure difference AP and Cv value;

FIG. 3 is a flowchart illustrating a refrigerant charging
operation in the refrigeration device; and

FIG. 4 is a diagram illustrating the schematic configuration
of a refrigeration device according to another embodiment of
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

A best mode for carrying out the invention is explained
next in detail with reference to accompanying drawings.
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FIG. 1 illustrates the schematic configuration of a refrig-
eration device used in one embodiment of a refrigerant charg-
ing device according to the present invention. As illustrated in
the figure, a refrigeration device 10 comprises a refrigerant
circuit 12 for circulating a refrigerant. The refrigerant circuit
12 is provided with, in this order, a compressor 14 functioning
as a compression mechanism for compressing a refrigerant;
an outdoor heat exchanger 16 functioning as a condenser; a
tank 18 for storing the refrigerant; an expansion valve 20
functioning as an expansion mechanism, and an indoor heat
exchanger 22 functioning as an evaporator.

The compressor 14, the expansion valve 20 and so forth are
driven and controlled by a controller 30. The refrigerant cir-
cuit 12 is provided with various sensors such as a low-pres-
sure side pressure sensor 34, a high-pressure side temperature
sensor 62, a high-pressure side pressure sensor 64 and an
outdoor air temperature sensor 36. Detection signals from the
sensors 34, 62, 64 and 36 are inputted into the controller 30.

The low-pressure side pressure sensor 34 is provided in
refrigerant piping 40, between the suction side of the com-
pressor 14 and the indoor heat exchanger 22. The low-pres-
sure side pressure sensor 34 is configured so as to be capable
of detecting the pressure of the refrigerant flowing in the
refrigerant piping 40. Through the refrigerant piping 40 there
flows low pressure-side refrigerant the pressure of which is
reduced by the expansion valve 20.

The above-mentioned outdoor air temperature sensor 36,
as an outdoor air temperature detection means, is configured
s0 as to be capable of detecting outdoor air temperature. The
high-pressure side pressure sensor 64, as an example of a
pressure detection means, is provided in refrigerant piping 60
between the discharge side (discharge section) of the com-
pressor 14 and the outdoor heat exchanger 16. The high-
pressure side pressure sensor 64 is configured so as to be
capable of detecting the pressure of the refrigerant flowing in
the refrigerant piping 60. Through the refrigerant piping 60
there flows high-pressure side refrigerant compressed by the
compressor 14. The high-pressure side temperature sensor
62, as an example of a temperature detection means, is pro-
vided in the above-mentioned refrigerant piping 60. The
high-pressure side temperature sensor 62 is configured so as
to be capable of detecting the temperature of the refrigerant
flowing in the refrigerant piping 60.

The detection signals of a level sensor 42, configured so as
to be capable of detecting the liquid level in the tank 18, are
also inputted into the controller 30. The level sensor 42 is
provided in the tank 18.

A refrigerant charging device 45 according to the present
embodiment is provided in the refrigerant piping 40 that
connects the suction side (suction section) of the compressor
14 and the indoor heat exchanger 22. The refrigerant charging
device 45 has the purpose of charging a predetermined
amount of refrigerant into the refrigerant circuit 12 upon
mounting of the refrigeration device 10 on the user’s side (use
site).

The refrigerant charging device 45 comprises a supply pipe
47 connected to the refrigerant piping 40, and adjustment
means for adjusting the flow rate of refrigerant supplied to the
refrigerant circuit 12 via the supply pipe 47. The supply pipe
47 is connected to the refrigerant piping 40 at a position more
upstream (towards the indoor heat exchanger) than that of the
low-pressure side pressure sensor 34.

The adjustment means comprises an electric valve 49 pro-
vided inthe supply pipe 47, and a flow rate control unit 50 that
controls the degree of opening of the electric valve 49. A
supply port 47a, configured so as to be mountable on a refrig-
erant-holding cylinder 52, is provided at an end of the supply
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pipe 47. The electric valve 49 is disposed between the supply
port 47a and the connection with the refrigerant piping 40.
The electric valve 49 is configured in such a manner that,
when a control signal from the flow rate control unit 50 is
inputted into the electric valve 49, the opening area in the
supply pipe 47 is modified through driving of a valve disc not
shown.

The flow rate control unit 50 is comprised in the controller
30, to perform one of the functions of the latter. The flow rate
control unit 50 is a control unit for adjusting the degree of
opening of the electric valve 49 in such a manner that the flow
rate in the supply pipe 47 lies within a predetermined range.
Specifically, the flow rate control unit 50 calculates a pressure
difference AP between the pressure of the refrigerant to be
supplied to the supply pipe 47 and the refrigerant pressure on
the suction side of the compressor 14. The controller 30 has
stored therein data on the outdoor air temperature mapped to
the saturation pressure thereof. The flow rate control unit 50
uses, as the pressure of the refrigerant to be supplied to the
supply pipe 47, the saturation pressure corresponding to the
outdoor air temperature that is detected by the outdoor air
temperature sensor 36. The refrigerant pressure detected by
the low-pressure side pressure sensor 34 is used as the refrig-
erant pressure on the suction side of the compressor 14.

The controller 30 has stored therein data on the pressure
difference AP mapped to Cv values of the electric valve 49, as
illustrated in FIG. 2. The figure depicts the Cv values, for a
constant refrigerant flow rate, relative to the pressure difter-
ence AP between the pressure of the refrigerant to be supplied
to the supply pipe 47 and the refrigerant pressure on the
suction side of the compressor 14, i.e. the pressure difference
AP between the inlet and the outlet of the supply pipe 47. The
flow rate control unit 50 controls the degree of opening of the
electric valve 49 in such a manner that the refrigerant flow rate
lies within a predetermined range, using correlation data
between the pressure difference AP and the Cv value. The Cv
value is a flow rate coefficient that denotes the difficulty with
which the refrigerant flows, and specifies the flow rate of
refrigerant flowing at a predetermined temperature under
valve opening conditions for which the differential pressure
before and after the electric valve 49 is a predetermined
pressure.

In addition to the flow rate control unit 50, the controller 30
has a correction control unit 54 and a charging completion
control unit 56, and embodies the functions thereof. The
purpose of the correction control unit 54 is to keep the amount
of any liquefied refrigerant suctioned into the compressor 14
within a predetermined range. The correction control unit 54
corrects the degree of opening of the electric valve 49 in such
a manner that the superheat of refrigerant compressed by the
compressor 14 is equal to or greater than a predetermined
value. Specifically, the correction control unit 54 derives, as
the superheat SH of the discharge refrigerant, a temperature
difference between the refrigerant temperature on the dis-
charge side of the compressor 14, detected by the high-pres-
sure side temperature sensor 62, and saturation temperature
corresponding to refrigerant pressure on the discharge side of
the compressor 14, detected by the high pressure side pres-
sure sensor 64. The correction control unit 54 reduces the
degree of opening of the electric valve 49 when the derived
superheat SH drops below a first setting (lower limit) SH1,
and increases the degree of opening of the electric valve 49
when the derived superheat SH exceeds a second setting
(upper limit) SH2. The first setting SH1 and the second set-
ting SH2 are set on the basis of| for instance, data measured
experimentally beforehand. That is, the first setting SH1 is set
on the basis of data acquired beforehand on the superheat on
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the discharge side of the compressor 14 at the time when the
wetness of the refrigerant is sufficiently suppressed in such a
manner that the compressor 14 is not damaged even if the
refrigerant suctioned into the compressor 14 is partially wet.
The first setting SH1 and the second setting SH2 may have the
same value. Alternatively, the value of the second setting SH2
may be greater than that of the first setting SH1.

The purpose of the charging completion control unit 56 is
to ensure that a predetermined amount of refrigerant is
charged into the refrigerant circuit 12. When the charging
completion control unit 56 determines that a predetermined
amount of refrigerant is charged into the refrigerant circuit
12, the charging completion control unit 56 controls the com-
pressor 14 to be stopped and the electric valve 49 to be closed.
The electric valve 49 is closed since merely stopping the
compressor 14 does not prevent refrigerant from keeping on
flowing, on account of the differential pressure between the
inlet and the outlet of the supply pipe 47. The charging
completion control unit 56 determines whether a predeter-
mined amount of refrigerant is charged depending on whether
the level sensor 42, provided in the tank 18, detects that the
liquid level is at a predetermined height.

With reference to FIG. 3, an explanation follows next on
the refrigerant charging method in the refrigeration device 10
according to the present embodiment. To charge refrigerant
into the refrigerant circuit 12 once the refrigeration device 10
has been installed, the refrigeration device 10 is started up
first, the compressor 14 is driven at a predetermined number
of revolutions, and the electric valve 49 is opened.

Driving of the compressor 14 elicits a suctioning action by
the compressor 14 on the suction side of the compressor 14,
which causes refrigerant from the cylinder 52 to be supplied
to the refrigerant circuit 12 via the supply pipe 47. The pres-
sure difference AP between the saturation pressure corre-
sponding to the outdoor air temperature, detected by the
outdoor air temperature sensor 36, and the refrigerant pres-
sure, detected by the low-pressure side pressure sensor 34, is
derived at this time (step ST1). There is also derived the Cv
value at which the refrigerant flow rate in the supply pipe 47
is substantially constant, with respect to the pressure difter-
ence AP. The degree of opening of the electric valve 49 is
adjusted to the valve degree of opening that corresponds to the
Cv value (step ST2). As a result, the flow rate of refrigerant
supplied to the refrigerant circuit 12 via the supply pipe 47 is
kept within a predetermined range. Accordingly, it becomes
possible to curtail drops in the flow rate by increasing the
valve degree of opening when the flow rate of refrigerant
supplied via the supply pipe 47 decreases on account ofa drop
in the pressure difference AP caused, for instance, by a fall in
the outdoor air temperature.

The superheat of the discharge refrigerant is derived next.
Specifically, the temperature difference between the value
detected by the high-pressure side temperature sensor 62
(refrigerant temperature on discharge side of the compressor
14) and the saturation temperature corresponding to the value
detected by the high-pressure side pressure sensor 64 (refrig-
erant pressure on the discharge side of the compressor 14) is
derived as the superheat SH of the discharge refrigerant. It is
then determined whether the superheat SH is equal to or
greater than the first setting SH1 (step ST3). If the superheat
SH is equal to or greater than the first setting SH1, the process
moves on to step ST4, where it is determined whether the
superheat SH is no greater than the second setting SH2. Ifthe
superheat SH is no greater than the second setting, the current
state is maintained, without modifying the degree of opening
(step ST5).
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On the other hand, if in step ST3 the superheat SH is lower
than the first setting SH1, the process moves on to step ST6,
and the controller 30 throttles the electric valve 49. That is,
when the superheat SH on the discharge side of the compres-
sor 14 is lower than the first setting SH1, part of the refrigerant
suctioned into the compressor 14 may liquefy. Therefore,
throttling the electric valve 49 prevents liquid refrigerant
from being suctioned to an extent that is damaging to the
compressor 14.

When in step ST4 the superheat SH is higher than the
second setting SH2, the process moves onto step ST7, and the
controller 30 increases the degree of opening of the electric
valve 49. This is equivalent to a case where the refrigerant
flow rate is reduced through excessive throttling of the elec-
tric valve 49. Therefore, the degree of opening of the valve is
increased, to increase thereby the flow rate. The variation in
the valve degree of opening in step ST6 and ST7 may have a
constant value, or a value that depends on the degree of
opening of the valve.

In step ST8 it is determined whether a predetermined
amount of refrigerant is charged into the refrigerant circuit
12. Steps ST1 to ST8 are repeated if that predetermined
amount has not been reached. Whether the charging amount
of refrigerant has reached or not a predetermined amount is
determined by the level sensor 42 on the basis of whether a
predetermined amount of refrigerant is stored in the tank 18.
When the liquid level in the tank 18 is at a predetermined
height, the compressor 14 is stopped and the electric valve 49
is closed (step ST9). A predetermined amount of refrigerant is
charged into the refrigerant circuit 12 as a result.

In the present embodiment, as explained above, the refrig-
erant flow rate is adjusted by an adjustment means in such a
manner that the refrigerant flow rate in the supply pipe 47 lies
within a predetermined range, on the basis of the above-
described pressure difference AP. This allows curtailing, as a
result, a decrease in the flow rate that is supplied to the
refrigerant piping 40, even in case of a drop of pressure in the
refrigerant supplied to the supply pipe 47. Therefore, it
becomes possible to curtail the drop in charging speed of the
refrigerant also in circumstances where, for instance, there
decreases the pressure difference between the pressure in the
cylinder 52 and the pressure on the suction side of the com-
pressor 14. This allows avoiding, as a result, a protracted
charging time.

In the present embodiment, moreover, the pressure of the
refrigerant supplied to the supply pipe 47 is estimated based
on the detection values of the outdoor air temperature sensor
36. Therefore, the refrigerant flow rate can be adjusted even if
there is provided no means for detecting the pressure of the
refrigerant that is supplied to the supply pipe 47. For instance,
the temperature in the cylinder 52 that is filled with refrigerant
is arguably substantially the same as the outdoor air tempera-
ture. Accordingly, the pressure (saturation pressure) of the
refrigerant that is supplied from the cylinder 52 to the supply
pipe 47 can be estimated if the outdoor air temperature can be
known beforehand.

In the present embodiment, moreover, the degree of open-
ing of the electric valve 49 controlled by the flow rate control
unit 50 is corrected by the correction control unit 54 in such a
manner that the superheat SH of the refrigerant on the dis-
charge side of the compressor 14 is equal to or greater than a
predetermined value SH1. As a result, refrigerant wetness
occurring on the suction side of the compressor 14 can be kept
within a predetermined wetness range.

In the present embodiment, moreover, the degree of open-
ing of the electric valve 49 is increased when the superheat SH
of the refrigerant reaches an upper limit SH2. The superheat
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SH of the refrigerant can be kept thereby within a predeter-
mined range. This allows securing a predetermined superheat
while preventing an excessive drop in the flow rate of refrig-
erant being supplied through the supply pipe 47.

In the present embodiment, also, the superheat SH is
derived on the basis of the refrigerant temperature on the
discharge side of the compressor 14 and saturation tempera-
ture corresponding to refrigerant pressure. Accordingly, the
superheat of refrigerant can be derived using the high-pres-
sure side temperature sensor 62 and the high-pressure side
pressure sensor 64 provided on the discharge side of the
compressor 14.

In the present embodiment, moreover, the electric valve 49
is closed when a predetermined amount of refrigerant is
charged. This allows charging a necessary amount of refrig-
erant while preventing refrigerant overcharge.

The present invention is not limited to the above-described
embodiment, and may accommodate various modifications
and improvements without departing from its scope. In the
example of the refrigeration device 10 explained in the
present embodiment, for instance, the outdoor heat exchanger
16 functions as a condenser, and the indoor heat exchanger 22
functions as an evaporator. However, the embodiment is not
limited thereto. For instance, the outdoor heat exchanger 16
and the indoor heat exchanger 22 may also function as a
condenser or as an evaporator by providing a directional
control valve (not shown) in the refrigerant circuit 12, so that
the refrigeration device becomes an air conditioner capable of
heating and cooling.

In the embodiment above, the correction control unit 54
estimates the wetness of the refrigerant on the suction side on
the basis of the superheat of refrigerant on the discharge side.
However, the embodiment is not limited thereto. For instance,
the correction control unit 54 may also measure directly the
wetness of the refrigerant on the suction side of the compres-
sor 14.

In the embodiment above, the amount of charged refriger-
ant is detected by the level sensor 42, but the embodiment is
not limited thereto. As illustrated in FIG. 4, for instance, the
high-pressure side pressure sensor 64 on the discharge side of
the compressor 14 and a liquid refrigerant temperature sensor
66 provided at the condenser outlet (outlet of the indoor heat
exchanger 22) can be used to determine the refrigerant charge
amount on the basis ofthe temperature difference between the
saturation temperature corresponding to the pressure detected
by the high-pressure side pressure sensor 64 and the refrig-
erant temperature detected by the liquid refrigerant tempera-
ture sensor 66, i.e. on the basis of supercooling at the con-
denser outlet. In this case, the tank 18 can be omitted.

Overview of the Embodiments

An overview of the embodiments is explained below.

(1) Conventionally, refrigerant is supplied to the suction
side of a compression mechanism at a flow rate in accordance
with the pressure difference between the pressure of the
refrigerant supplied to the supply pipe and the refrigerant
pressure on the suction side of the compression mechanism.
In such a configuration, the refrigerant flow rate drops when,
for instance, there decreases the pressure of the refrigerant
supplied to the supply pipe. In the refrigerant charging device
of the present embodiment, however, the adjustment means
adjusts the flow rate in such a manner that the refrigerant flow
rate in the supply pipe lies within a predetermined range, on
the basis of the above-mentioned pressure difference. This
allows curtailing, as a result, a decrease in the flow rate that is
supplied to the refrigerant piping, even in case of a drop of
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pressure in the refrigerant supplied to the supply pipe. There-
fore, it becomes possible to curtail the drop in charging speed
of the refrigerant also in circumstances where, for instance,
there decreases the pressure difference between the pressure
in a cylinder and the pressure on the suction side of the
compression mechanism. This allows avoiding, as a result, a
protracted charging time.

(2) When the refrigerant charging device comprises an
outdoor air temperature detection portion for detecting out-
door air temperature and pressure detection portion for
detecting refrigerant pressure on the suction side of the com-
pression mechanism, preferably, the adjustment portion
adjusts the flow rate in the supply pipe based on a pressure
difference between a saturation pressure corresponding to the
outdoor air temperature detected by the outdoor air tempera-
ture detection portion, and refrigerant pressure detected by
the pressure detection portion. Herein, the pressure of the
refrigerant supplied to the supply pipe is estimated based on
the detection value by the outdoor air temperature detection
portion. Therefore, the refrigerant flow rate can be adjusted
even if there is provided no means for detecting the pressure
of the refrigerant that is supplied to the supply pipe. For
instance, the temperature in the cylinder that is filled with
refrigerant is found to be substantially the same as the outdoor
air temperature. Accordingly, the pressure (saturation pres-
sure) of the refrigerant that is supplied from the cylinder to the
supply pipe can be estimated if the outdoor air temperature is
known.

(3) Preferably, the adjustment portion comprises an electric
valve provided in the supply pipe, and a flow rate control unit
that controls the degree of opening of the electric valve.
Herein, the flow rate of refrigerant flowing in the supply pipe
can be adjusted through adjustment of the degree of opening
of the electric valve by the flow rate control unit.

(4) Preferably, the refrigerant charging device has a cor-
rection control unit for correcting the degree of opening of the
electric valve, controlled by the flow rate control unit, in such
amanner that superheat of refrigerant on the discharge side of
the compression mechanism becomes equal to or greater than
a predetermined value. When the refrigerant flow rate is
adjusted through adjustment of the degree of opening of the
electric valve, the degree of reduced pressure in the refriger-
ant and the wetness of the refrigerant change both according
to the degree of opening of the electric valve. Herein, how-
ever, adjustment is carried out in such a manner that superheat
of refrigerant on the discharge side of the compression
mechanism is kept equal to or greater than a predetermined
value. As a result, refrigerant wetness occurring on the suc-
tion side of the compression mechanism can be kept within a
predetermined wetness range.

(5) Preferably, the correction control unit increases the
degree of opening of the electric valve when the superheat of
refrigerant on the discharge side of the compression mecha-
nism reaches an upper limit equal to or greater than the
above-mentioned predetermined value. Herein, the superheat
of refrigerant on the discharge side of the compression
mechanism is kept within a predetermined range. This allows
securing a predetermined superheat while preventing an
excessive drop in the flow rate of refrigerant being supplied
through the supply pipe.

(6) The superheat of refrigerant on the discharge side of the
compression mechanism may be derived from a saturation
temperature corresponding to refrigerant pressure and the
refrigerant temperature on the discharge side of the compres-
sion mechanism. When there are provided means for detect-
ing the temperature and means for detecting the pressure of
refrigerant in the discharge side of the compression mecha-
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nism, thus, the superheat of refrigerant can be derived by
using detection values from the detection means.

(7) Preferably, the refrigerant charging device comprises a
charging completion control unit that closes the electric valve
when a predetermined amount of refrigerant is supplied via
the supply pipe. This allows charging a necessary amount of
refrigerant while preventing refrigerant overcharge.

(8) The present embodiment is a refrigeration device com-
prising a refrigerant circuit in which refrigerant circulates
between a compression mechanism, a condenser, an expan-
sion mechanism and an evaporator; and the above-described
refrigerant charging device, wherein the supply pipe of the
refrigerant charging device is connected to refrigerant piping
between the compression mechanism and the evaporator.

(9) The present embodiment is a refrigerant charging
method for charging refrigerant via a supply pipe that is
connected to refrigerant piping on the suction side of a com-
pression mechanism in a refrigerant circuit, comprising the
step of supplying refrigerant to the refrigerant circuit while
adjusting the flow rate in such a manner that the flow rate in
the supply pipe lies within a predetermined range, based on a
pressure difference between the pressure of refrigerant sup-
plied to the supply pipe and refrigerant pressure on the suction
side of the compression mechanism. When refrigerant is sup-
plied to the suction side of a compression mechanism at a flow
rate corresponding to the pressure difference between the
pressure of the refrigerant supplied to the supply pipe and the
refrigerant pressure on the suction side of the compression
mechanism, the refrigerant flow rate drops when, for
instance, there decreases the pressure of the refrigerant sup-
plied to the supply pipe. In the present embodiment, however,
adjusting the flow rate in such a manner that the refrigerant
flow rate in the supply pipe lies within a predetermined range,
on the basis of the above-mentioned pressure difference,
allows curtailing a decrease in the flow rate that is supplied to
the refrigerant piping, even in case of a drop of pressure in the
refrigerant supplied to the supply pipe. Therefore, it becomes
possible to curtail the drop in charging speed of the refrigerant
also in circumstances where, for instance, there decreases the
pressure difference between the pressure in a cylinder and the
pressure on the suction side of the compression mechanism.
This allows avoiding, as a result, a protracted charging time.

(10) In the above-described refrigerant charging method,
preferably, the flow rate in the supply pipe is adjusted on the
basis of a pressure difference between saturation pressure
corresponding to outdoor air temperature, and refrigerant
pressure on the suction side of the compression mechanism.
Herein, the saturation pressure corresponding to the outdoor
air temperature is used as the pressure of the refrigerant
supplied to the supply pipe. Therefore, the refrigerant flow
rate can be adjusted even if there is provided no means for
detecting the pressure of the refrigerant that is supplied to the
supply pipe. For instance, the temperature in the cylinder that
is filled with refrigerant is found to be substantially the same
as the outdoor air temperature. Accordingly, the pressure
(saturation pressure) of the refrigerant that is supplied from
the cylinder to the supply pipe can be estimated if the outdoor
air temperature is known.

(11) In the above-described refrigerant charging method,
preferably, refrigerant is supplied to the refrigerant circuit
while the flow rate is being adjusted in such a manner that the
refrigerant flow rate in the supply pipe lies within a predeter-
mined range through adjustment of the degree of opening of
an electric valve provided in the supply pipe.

(12) In the above-described refrigerant charging method,
preferably, the degree of opening of the electric valve is
corrected in such a manner that superheat of refrigerant on the
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discharge side of the compression mechanism becomes equal
to or greater than a predetermined value. When the refrigerant
flow rate is adjusted through adjustment of the degree of
opening of the electric valve, the degree of reduced pressure
in the refrigerant, and the superheat of refrigerant on the
discharge side of the compression mechanism change both
according to the degree of opening of the electric valve.
Herein, however, adjustment is carried out in such a manner
that superheat of refrigerant on the discharge side of the
compression mechanism is kept equal to or greater than a
predetermined value. Therefore, refrigerant wetness occur-
ring on the suction side of the compression mechanism can be
kept within a predetermined wetness range.

(13) In the above-described refrigerant charging method,
more preferably, the degree of opening of the electric valve is
increased when the superheat of refrigerant on the discharge
side of the compression mechanism reaches an upper limit
equal to or greater than the predetermined value. Herein, the
superheat of refrigerant on the discharge side of the compres-
sion mechanism is kept within a predetermined range. This
allows securing a predetermined superheat while preventing
an excessive drop in the flow rate of refrigerant being supplied
through the supply pipe.

(14) In the above-described refrigerant charging method,
preferably, the electric valve is closed when a predetermined
amount of refrigerant is supplied via the supply pipe. This
allows charging a necessary amount of refrigerant while pre-
venting refrigerant overcharge.

As explained above, the embodiments allow suppressing
variation in the charging time of refrigerant into a refrigerant
circuit.

The invention claimed is:

1. A refrigerant charging device which supplies refrigerant
to a refrigerant circuit via a supply pipe, the refrigerant charg-
ing device comprising:

asupply pipe connectable to refrigerant piping on a suction
side of a compression mechanism in the refrigerant cir-
cuit;

outdoor air temperature detection portion that detects out-
door air temperature;

a pressure detection portion that detects refrigerant pres-
sure on the suction side of the compression mechanism;
and

an adjustment portion including
an electric valve provided in the supply pipe, and
a flow rate control unit that derives a pressure difference

between a pressure of the refrigerant to be supplied to
the supply pipe as a saturation pressure corresponding
to the outdoor air temperature and the detected refrig-
erant pressure on the suction side of the compression
mechanism, derives a degree of opening of the electric
valve at which a refrigerant flow rate in the supply
pipe is substantially constant with respect to the
derived pressure difference so as to increase the
degree of opening of the electric valve as the pressure
difference decreases using previously stored data that
maps pressure difference between the pressure of the
refrigerant to be supplied to the supply pipe and the
refrigerant pressure on the suction side of the com-
pression mechanism to Cv values of the electric valve,
and adjusts a flow rate in the supply pipe to be within
a predetermined range by adjusting the degree of
opening of the electric valve to the derived degree of
the opening of the electric valve.

2. The refrigerant charging device according to claim 1,
further comprising a correction control unit for correcting the
degree of opening of the electric valve, controlled by the flow
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rate control unit, such that superheat of refrigerant on the
discharge side of the compression mechanism becomes equal
to or greater than a predetermined value.

3. The refrigerant charging device according to claim 2,
wherein the correction control unit increases the degree of
opening of the electric valve when the superheat of the refrig-
erant on the discharge side of the compression mechanism
reaches an upper limit equal to or greater than the predeter-
mined value.

4. The refrigerant charging device according to claim 2,
wherein the superheat of the refrigerant on the discharge side
of the compression mechanism is derived from refrigerant
temperature and a saturation temperature corresponding to
refrigerant pressure on the discharge side of the compression
mechanism.

5. The refrigerant charging device according to claim 1,
further comprising a charging completion control unit that
closes the electric valve when a predetermined amount of
refrigerant is supplied via the supply pipe.

6. A refrigeration device comprising:

arefrigerant circuitin which refrigerant circulates between

a compression mechanism, a condenser, an expansion
mechanism and an evaporator; and

the refrigerant charging device according to claim 1,

wherein

the supply pipe of the refrigerant charging device is con-

nected to refrigerant piping between the compression
mechanism and the evaporator.

7. A refrigerant charging method for charging refrigerant
via a supply pipe that is connected to refrigerant piping on a
suction side of a compression mechanism in a refrigerant
circuit while adjusting an opening of an electric valve pro-
vided in the supply pipe, the method comprising:

detecting a refrigerant pressure on the suction side of the

compression mechanism by a pressure detecting por-
tion;

estimating a pressure of the refrigerant supplied to the

supply pipe by deriving a saturation pressure corre-
sponding to an outdoor air temperature detected by an
outdoor air temperature detection portion;

deriving a pressure difference between the pressure of the

refrigerant to be supplied to the supply pipe and the
detected refrigerant pressure on the suction side of the
compression mechanism;
deriving a degree of opening of the electric valve at which
a refrigerant flow rate in the supply pipe is substantially
constant with respect to the derived pressure difference
so as to increase the degree of opening of the electric
valve as the pressure difference decreases using previ-
ously stored data that maps pressure difference between
the pressure of the refrigerant to be supplied to the sup-
ply pipe and the refrigerant pressure on the suction side
of the compressor to Cv values of the electric valve; and

supplying the refrigerant to the refrigerant circuit while
adjusting a flow rate in the supply pipe to be within a
predetermined range by adjusting the degree of opening
of the electric valve to the derived degree of the opening
of the electric valve.

8. The refrigerant charging method according to claim 7,
further comprising:

correcting the derived degree of opening of the electric

valve such that superheat of the refrigerant on the dis-
charge side of a compression mechanism is equal to or
greater than a predetermined value.

9. The refrigerant charging method according to claim 8,
wherein the degree of opening of the electric valve is
increased when the superheat of the refrigerant on the dis-
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charge side of the compression mechanism reaches an upper
limit equal to or greater than the predetermined value.
10. The refrigerant charging method according to claim 7,
further comprising:
closing the electric valve when a predetermined amount of 5
refrigerant is supplied to the refrigerant circuit via the

supply pipe.



